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REFYOR WD-134

James W. Warren

U.S. Fish and Wildlife Service
Lloyd 500 Building, Suite 1692
500 N.E. Multnomah Street
Portland, Oregon 97232

Re: Discharge of Malachite Green
Dear Mr. Warren:

This is in response to your March 13, 1989, letter requesting an interim
or temporary permit for the use of malachite green in the treatment of fish
and eggs in Pacific Northwest hatcheries. Your letter identifies hatcheries
using malachite green in Idaho, Washington, Oregon and other areas of the
United States. OQur response addresses only those hatcheries that are
permitted by the Environmental Protection Agency (EPA). See Enclosure 1 for a
list of those facilities. For information on hatcheries in Washington and
Oregon, I recommend you contact the Washington Department of Ecology and
Oregon Department of Environmental Quality since those state agencies have
been delegated permitting authority under the National Pollutant Discharge
Elimination System (NPDES).

Based on a review of the permit files for the Idaho facilities and the
federal hatcheries in Washington, together with the information you have
provided, we have determined that it is not necessary to obtain an interim or
temporary permit in order to use malachite green. The use of malachite green
and other disease controlling drugs has long been recognized as necessary at
fish rearing facilities. The permits for the Idaho facilities contain a
prohibition on the discharge of such drugs in toxic amounts. The Washington
federal hatchery permits contain no conditions specifically addressing drug
uses. Nonetheless, the prohibition on discharges in toxic amounts still apply.

We have reviewed the available literature regarding the toxicity of
malachite green and have concluded that the discharge of malachite green to
waters of the United States at levels less than 0.1 mg/1 would not result in
long term toxic effects.

The NPDES permits for the Idaho hatcheries will expire in October 1989.
The Washington federal hatchery permits have expired. The permit reissuance
process for these facilities will begin this summer. The new permits may
include effluent 1imits and/or best management practices for applying
malachite green and other drugs or chemicals in hatchery waters.
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Questions on this issue may be referred to Roger Mochnick at (206)
442-4817.

Sincerely,

/Zy/? (-/‘f,‘f/’, éc/—cr— _

Harold E. Geren, Chief
Water Permits and Compliance Branch
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Re: Discharge of Malachite Green
Dear Hr. Warrven:

This is in response to your March 13, 1989, letter requesting an interim
or temporary permit for the use of malachite green in the treatment of fish
and eggs in Pacific Northwest hatcheries. Your letter identifies hatcheries
using malachite green in Idaho, Washington, Oregon and other areas of the
United States. Our response addresses only those hatcheries that are
permitted by the Environmental Protection Agency (EPA). See Enclosure 1 for a
11st of those facilities. For information on hatcheries in Washington and
Oregon, I recommend you contact the Washington Department of Ecology and
Oregon Department of Environmental Quality since those state agencies have
been delegated permitting authority under the National Pollutant Discharge

' Elimination System (NPDES). '

Based on a review of the permit files for the Idaho facilities and the
federal hatcheries in Washington, together with the information you have
provided, we have determined that i1t is not necessary to obtain an interim or
temporary permit in order to use malachite green. The use of malachite green
and other disease controlling drugs has long been recognized as necessary at
fish rearing facilities, The permits for the Idaho facilities contain a
prohibition on the discharge of such drugs in toxic amounts. The Washington
federal hatchery permits contain no conditions specifically addressing drug
uses. Nonetheless, the prohibition on discharges in toxic amounts still apply.

We have reviewed the available literature regarding the toxicity of
malachite green and have concluded that the discharge of malachite green to
waters of the United States at levels less than 0.1 mg/1 would not result in
long term toxic effects.

The NPDES permits for the Idaho hatcheries will expire in October 1989.
The Washington federal hatchery rmits have expired. The permit reissuance
process for these facilities will begin this summer. The new permits may
include effluent 1imits and/or best management practices for applying

hemicals in hatchery waters.
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Idaho Facilities

Idaho Power Co.
Pahsimeroi Hatchery
NPDES No. ID-002252-7

Idaho Fish and Game
McCall Hatchery
NPDES No. ID-002508-9

Dept. of Interior

-U.S. Fish and Wildlife

Dworshak National Fish Hatchery
NPDES No. ID-002151-2

Hashingtoﬁ Facilities

Dept. of Interior

U.S. Fish and Wildlife

Carson National Fish Hatchery
NPDES No. WA-000020-5

Dept. of Interior
U.S. Fish and Wildlife

ENCLOSURE 1

Leavenworth National Fish Hatchery

NPDES No. WA-000190-2

Dept. of Interijor

U.S. Fish and Wildlife

Quilcene National Fish Hatchery
NPDES No. WA-000187-2

Idaho Power Co.
Rapid River Hatchery
NPDES No. ID-002237-3

Idaho Fish and Game
Sawtooth Hatchery
NPDES No. ID-002644-1

Dept. of Interior

U.S. Fish and Wildlife

Kooskia National Fish Hatchery
NPDES No. ID-000081-7

Dept. of Interior

U.S. Fish and Wildlife

Entiat National Fish Hatchery
NPDES No. WA-000188-1

Dept. of Interior

U.S. Fish and Wildlife

Little White Salmon National
Fish Hatchery

NPDES No. WA-000021-3

Dept. of Interior

U.S. Fish and Wildlife

Winthrop National Fish Hatchery
NPDES No. WA-000259-3
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Malachite Green: Its Toxicity to Aquatic Organisms,
Persistence and Removal with Activated Carbon

by

- ; . Terry D' Bilis and Leif L. Marking
ok - - ~-Fish Control Laboratory, La Crosse, Wisconsin

e, __Jack H.Chandler,Jr.
" Southeastern Fish Control Laboratory -

Warm Springs, Georgia

Abstract

The acute toxicity of malachite green was determined in standardized laboratory tests for
chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. kisutch), Atlantic salmon
(Salmo salar), brown trout (S. trutta), rainbow trout (S. gairdneri), brook trout (Salvelinus
fontinalis), channel catfish (Ictalurus punctatus), largemouth bass (Micropterus salmoides),

smallmouth bass (M. dolomieui), bluegill (Lepomis” macrochirus), snails (Pleurocera sp.),

Asiatic clams (Corbicula leana), ostracods (Cypridopsis sp.), freshwater prawns (Palaemonetes
kadiakensis), larval midges (Tanytarsus dissimilis), naiads of mayflies (Callibaetis sp.), adult
newts (Notophthalmus viridescens), larval leopard frogs (Rana pipiens), ‘and larval toads
(Bufo sp.). Bluegills were the most sensitive (96-h LC,,0.0305 mg/1), and coho salmon the
most resistant (0.383 mg/1). The TILC,, (lethal concentration producing 50% mortality
independent of time) for rainbow trout was 0.0998 mg/1. The responses of frog and toad larvae

. (96-h LCs,, 0.173 and 0.0680 mg/1) were similar to those of fish, whereas adult newts were more
resistant (1.03 mg/1). The invertebrates exposed were generally more resistant than the fish
and amphibians; the 96-h LCs’s ranged from 0.510 to 3.45 mg/], except for the Asiatic clam,
which was extremely resistant (122 mg/l), and the mayfly naiad, which was very sensitive
(0.0790 mg/1). The toxicity of malachite green to fish was not affected by water hardness or pH,
except bluegills, in which toxicity was about half as great at pH6.5as at pH 7.5t0 9.5, and was
increased only slightly by increases in water temperatures, Malachite green was very
persistent in aqueous solutions; it did not detoxify after 3 weeks of aging in glass containers.
The chemical is readily absorbed from agueous solutions (pH 7.5, total hardness 44 mg/1,

temperature 12 C) by filiration through activated carbon; the capacity was 23.4 mg of

malachite green per gram of carbon.

Malachite green has been used in fish culture as a
fungicide and parasiticide for about 40 years. It was
first used as a dip treatment by Foster and Woodbury
(1936) to treat fungal infections of four species of trout
and largemouth bass (Micropterus salmoides). More
recently it has been used in combination with
formalin to treat Ichthyophthirius, a serious parasite
of catfishes (Leteux and Meyer 1972). £

Although the use of malachite green as a therapeu-
tant in fish culture has many advantages, it also
Poses various potential problems (Nelson 1974):
toxicity to fishes (Willford 1967); possible teratogenic
and mutagenic effects (Lieder 1961; Nelson 1974; T.D.
Bills and L.L. Marking, in preparation); and stress
induced during and after the treatment of fry of

&
certain fishes (Glagoleva and Malikova 1968; Bills
and Hunn 1976).

Malachite green is not registered for aquatic use by
either the Food and Drug Administration or En-
vironmental Protection Agency, because information
required for registration—toxicity, efficacy, residues,
metabolites, and counteraction—is incomplete. The
purpose of the present study was to contribute
laboratory data on (1) the toxicity of malachite green
to nontarget aquatic organisms; (2) its toxicity to
rainbow trout (Salmo gairdneri) and bluegills
(Lepomis macrochirus) in extended exposures;
(3) the effects of certain water characteristics on its
toxicity to fish; (4) its persistence in water; and (5) its
possible removal from water with activated carbon.

o
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Materials and Methods

Concentrated stock solutions of commercial g'rade
zinc-free malachite green (4{P{dimethylamino)-a
phenylbenzylidene]-2,5-cyclohexadien-l-ylidene dl-
methyl-ammonium chloride) manufactured by MCB

- 'Manufacturing Chemists, Norwood, Ohio, were

prepared by mixing weighed portions with water. To
prepare test solutions of the desired concentrations,
we pipetted portions of stock solutions into test

" vessels and stirred the resulting mixture to ensure

homogeneity. In flow-through toxicity tests, the
required amounts of the stock solutiomweredelivered
by a solenoid-activated pipette pump (Micromedic

i_hntlmed by the Committee on Methods for Toxicity

“Tests: with Aquatic Organisms (1975) and the

ok
th

.~ protocol described by Marking (1975). Glass j jars of
3.78 or 18.9 liters were used, depending on the size of
the test organism. Reconstituted water was used in
tests with fish (Marking 1969), and limed spring
water (pH, 7.5 £ 0.1! total hardness, 20 mg/l as
CaCQj;) in the tests with amphibians and in-

vertebrates. Chemical buffers were added to soft -

water to adjust the pH (6.5-9.5), as described by
Marking and Dawson (1973).

Flow-through tests were conducted in a propor-
tional diluter similar to that of Mount and angs
(1967). Test vessels were 45.liter glass aquariums
supplied with a flow sufficient to replace the entire
volume at least four times daily. Carbon-filtered,
municipal well water (total hardness 300 mg/1, pH
_7.5) was used in the flow-through system.
Temperature was maintained by immersing test
vessels in a water bath equipped with a chilling unit.

Fish species exposed were chinook salmon (On-
corhynchus tshawytscha), coho salmon (0. kisutch),
Atlantic salmon (Salmo salar), brown trout (S.
trutta), rainbow trout, brook trout (Salvelinus fon-
tinalis), channel catfish (Ictalurus punctatus),
largemouth bass, smallmouth bass (Micropterus
dolomieui), and bluegills. Test fishes weighed 0.5 to
1.5 g. Other aquatic organisms exposed were snails
(Pleurocera sp.), Asiatic clams (Corbicula leana),
ostracods (Cypridopsis sp.), freshwater prawns
(Palaemonetes kadiakensis), larval midges (Tanytar-
sus dissimilis), naiads of mayflies (Callibaetis sp.),
adult newts (Notophthalmus viridescens), larval
leopard frogs (Rana pipiens), and larval toads (Bufo
sp.).

In tests for the determination of persistence of
malachite green, aqueous solutions were aged for 1, 2,
and 3 weeks in glass containers. Rainbow trout were
introduced concurrently to these and a freshly

-s'"

C

prepared reference solution for comparison of mor-
tality. Deactivation indices were computed from
these data according to the method of Marking (1972).

We used the method of Litchfield and Wilcoxon
(1949) to determine LC,'s and 95% confidence
intervals, and a modification of the method published
by Green (1963) for computing TILC.,’s (lethal)
concentration producing 50% mortality independent
of time).

To determine if malachite green could be removed
from aqueous solutions (pH 7.5, total hardness
44 mg/], temperature 12 C), we filtered a concen-
trated solution (2 mg/1) at a flow rate of 100 ml/min
through a glass 2.7 ¢cm ID column containing 15 cm
(85.5'g dry weight) of activated carbon (Darco
20 x 40 mesh). Samples were taken periodically and
concentrations in the effluent determined
colorimetrically (620 nm). The carbon bed was

" considered saturated when the concentration in the

effluent reached 10% of that in the original stock
solution (0.2 mg/1). The capacity of activated carbon
for the chemical was determined by the following
formula:

" Concentration (mg/1) x
liters passed through filter

Grams of carbon
(dry weight)

Milligrams of malachite _

green adsorbed per gram
: otf carbon

Results .
Toxicity to Fish

Malachite green was toxic to all species of fish
exposed; LCs’s ranged from 0.0305 to 0.383 mg/l in
96-h exposures in soft water at 12 C (Table 1).
Centrarchids were 1.5 to 3.5 times more sensitive to
the chemical than the ictalurids and 3to 7 times more
sensitive than the salmonids. The bluegill was the
most sensitive species (96-h LCy,, 0.0305 mg/1) and
the coho salmon the most resistant (0.383 mg/1). The
toxicity of the chemical increased as exposures
lengthened in all species; for bluegills the LCso was
6.00 mg/] at 3 h and 0.0305 mg/] at 96 h.

=
Toxicity to
Other Aquatic Organisms

In 96-h exposures, the LCso’s for malachite green to
frog larvae (0.173 mg/l) and toad larvae
(0.0680 mg/l) were similar to those for fish (Table 2).
Adult newts were more resistant than frog or toad
larvae (96-h LC;,, 1.03 mg/1), but about equally or
less resistant than most of the invertebrates exposed.
Mayfly naiads were the most sensitive invertebrate

(A
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%. : Table 1. Toxicity of melachite green to fingerling fish in soft water at 12 C.
Species LCso and 95% confidence interval (mg/1) at
. 3h ) 6h 24 h 9% h
- Chinook salmon : 1.72 : 1.38 0.292 0.224
(Oncorhynchus tshawytscha) 1.22-2.42 1.04-1.82 0.245-0.348 0.209-0.240
s Coho salmon - >3.00 0.569 0.383
= = {0. kuutch) ) . N - . : 0.486-0.662 _ 0.327-0.449 :
g - Atlantic salmon i ' 356 109 0.497 0.283
(Saimo salar) - - - 2.77-4.58 0.929-1.28 - 0.415-0.595 0.229-0.350
“ Brown trout 1.78 1.27 0.352 0.237
T (S. trutta} : 1.23-2.43 0.991-1.63 0.280-0.443 - 0.209-0.268
_ Rainbow trout : 1.41 0.760 0.360 0.248
(S. gairdneri) 1.14-1.74 0.649-0.890 0.305-0.425 0.193-0.319
Brook trout 3.00 1.44 0.300 : 0.220
(Salvelinus fontinalis) 2.06-4.37 1.05-1.98 0.259-0.348 0.188-0.257
°  Channel catfish >3.00 1.10 ) 0.181 0.112
(Ictalurus punctatus) 0.904-1.34 0.123-0.266 0.0893-0.140
Largemouth bass - . - 0.282 0.0728
(Micropterus salmoides) - - . 0.211-0.376 0.0604-0.0877
Smallmouth bass 1.36 -— : 0.154 0.0453
(M. dolomieui) : . 108-1.70 - 0.117-0.202 0.0366-0.0561 -
Bluegill _ ’ '6.00 = * 219 0.23T - 0.0305
(Lepomis macrochirus) ] 4.41-8.17 1.66-2.89 0.184-0.290 0.0218-0.0427

Table 2. Toxicity of malachite green to selected nontarget aquatic organisms in limed water at 16 C.

LCso and 95% confidence interval (mg/1) at

Organism
6h 24 h .96 h
Snail . v ) — - ) 0.720
{Pleurocera sp.) - —_ 0.483-1.07
Asiatic clam : - — i 122
(Corbicula leana) -— - 93.8-159
Ostracod : 5.85 5.85% 3.45
{Cypridopsis sp.) : 4.00-8.57 4.29-7.97 2.49-4.80
: Freshwater prawn . - 9.10 1.90
(Palaemonetes kadiakensis) - 7.29-11.3 1.76-2.06
Midge (larvae) *5.00 ' 1.00 0.510
(Tanytarsus dissimilis) 3.13-7.99 : 0.636-1.57 0.295-1.10
Mayfly naiads 5.75 2.75 0.0790
(Callibaetis sp.) 4.95-6.69 2.07-3.65 . 0.0442-0.141
B Newts (adult) - 3.90 ~ 103
' {Notophthalmus viridiscens) — 3.47-4.38 0.672-1.58
Leopard frog (larvae) 1.00 . 0.380 0.173
{Rana pipiens) 0.875-1.14 0.351-0.412 0.149-0.200
Toad (larvae) . 1.70 0.355 0.0680
- . - (Bufo sp.) 1.54-1.87 0.235-0.276 0.0530-0.0860
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‘Table 4. Toxicity of malachite éreen to fingerling channel catfish at selected temperatures, water

hardnesses, and pH's.
Temp Water LCse and 95% confidence interval (mg/] at
©C) hardness PH 6 h 2 h 96 b
12 Soft , 7.5 1.10 0.181 0.112
N 0.904-1.34 0.123-0.266 0.0893-0.140
17 Soft ) 75 v - 0552 0.222 0.0940
0.499-0.610 0.168-0.293 0.0860-0.103
2 Soft 75 0.400 0.0691 0.0535
' 0.331-0.483 0.0576-0.0831 0.0442-0.0647
12 Very soft 8.0 © 0.600 0.106 0.0750
0.440-0.818 - 0.0935-0.120 0.0555-0.101
12 Soft 8.0 1.30 0.285 0.117
1.01-1.67 0.232-0.350 0.0972-0.140
12 ' Hadd 8.0 172 0.284 0142
1.23-2.41 0.226-0.351 0.115-0.176
12 Very hard 8.0 L7 0.286 0142 .
1.22-2.40 0.232-0.353 0.115-0.176 -
12 Soft 65 10.960 - 0236 -0.0975
0.717-1.29 0.181-0.308 . 0.0937-0.101
12 Soft 85 0.835 0.835 0.237
' . _. 0.665-1.05 0.665-1.05, 0.182-0.309
12 " Soft 95 0519 0.191 0.162
0.377-0.714 0.155-0.236 0.135-0.194

Table 5. Toxicity of malachite green to fingerling bluegill at selected temperatures, hardnesses, and pH's.

Temp

Water

LCso and 95% confidence interval (mg/1) at

°C) hardness PH 3h 6h 24 h 96 h

12 Soft 75 6.00 2.19 0.231 0.0305
4.41-8.17 1.66-2.89 0.184-0.290 0.0218-0.0427

17 Soft 75 217 0.656 0.0920 0.0340
1.63-2.88 0.584-0.737 0.0663-0.128 0.0242-0.0477

2 Soft 75 0.860 0.238 » 00780 , 0.0308
0.737-1.00 0.184-0.308 0.0594-0.102 0.0221-0.0430

12 Very soft 8.0 2.30 2.00 0.117 0.0413
1.72-3.08 1.54-2.59 0.0967-0.142 0.0343-0.0497

12 Soft 8.0 >2.00 1.52 0.122 0.0400
1.15-2.00 0.100-0.149 0.0330-0.0486

12 Hard - 80 >2.00 1.41 ) 0.141 0.0450
1.14-1.74 0.114-0.174 0.0384-0.0528

12 Very hard 8.0 >2.00 1.42 0.141 0.0440
1.10-1.83 0.114-0.174 0.0370-0.0523

12 Soft . 65 7.43 2.18 0.282 0.0780

5.76-9.59 1.64-2.90 0.219-0.394 0.0594-0.102

12 Soft 85 4.68 218 0.123 0.0339
_ 3.77-5.80 1.64-2.89 0.0955-0.158 0.0241-0.0476

12 Soft 95 3.70 2.20 0.0810 0.0340
2.81-4.87 1.67-289 . .,  0.0562-0.117 0.0242-0.0477




Counteraction with
Activated Carbon

Aquequs solutions of malachite green (2.0 mg/1)
were filtered through a bed of activated carbon. In
three runs the activated carbon adsorbed the
chemical from 420, 401, and 425 liters of solution
before the endpoint was reached (0.2 mg/1), an
average of 23.4 mg of malachite green per gram of
carbon. Activated carbon thus is an excellent means
for removing this chemical from water. ‘
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INTRODUCTION

Man’s use of dyes dates back to the Stone Age or earlier, and by 3000 B.C. the dyeing
industry was well developed in Egypt, Mesopotamia i i i

dyer's repertoire.

Despite the long history of dyes and dyeing, little is known of the effects of dyes on
living organisms. In 1970, the American Dye Manufacturer's Institute, Inc. initiated
research to evaluate the toxicity of selected dyes on selected organisms representative of
on of dyes included chemical structure and
production volume, and an effort was made to include dyes representing most of the
important chemical and application classes (1). In June, 1971, the UNC Wastewater
Research Center began a study of the toxicity to fish and algae of the 46 dyes chosen. This
report presents results of . - i i @s with the :
Pemephales promelas. For those dyes showing marked toxicity to fish. aerobic biological

treatment is being evaluated as a means of reducing color and toxicity. Preliminary results
of these studies are described.

MATERIALS AND METHODS

The testing procedure adhered closcly to the static bioassay described in Standard
Methods for the Examination of Water and Wastewater (2). That procedure permits

considerable flexibility and specific materials and methods employed in these tests are
presented in this paper.

The static bioassay method to evaluate toxicity has been criticized because it relates
only to acute toxicity (i.e., death) and does not take into account many other aspects; more
complex alternate methods have been suggested (2). Nevertheless, this type of bioassay has

been, and will probably continue to be, widely used because of its relative simplicity and
economy,

A major objection to reported fish bioassay results in general is that seldom has
sufficient information been published on the test organism, dilution water and test
conditions (3, 4). A special effort was made to avoid this criticism by preparing a data sheet
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he designed to include all pertinent information for each test. Data sheets for each dye tested
are available in an ADMI report (5).

The fathead minnow, Pimephales promelas; was selected from a list of reccommended
species prepared by Dr. D.I. Mount of the National Water Quality Laboratory (3). This
! species has been widely used in fish bioassay studies, proved adaptable to laboratory
{ conditions, and was readily available locally. Test fish were obtained from Berry Water
Gardens and from Windmill Fish Hatcheries, both located in Kernersville, North Carolina.

New shipments ol fish were routinely exposed on arrival to the broad-spectrum
antibiotic tetracycline HC1 (Tetrachel®, Rachelle Laboratories. Inc.. Long Beach,
California) at a dose of S0 mg per gallon of water for 24-4% hours, Such treatment is
necessary to prevent introduction into the stock tank of discases from fishery stock or from
fish damaged in shipment (6). Upon any evidence ol discase in the stock tanks, the
tetracycline treatment was repeated.

Fish used in full-scale bioassay tests were maintained ina 250-gallon polyethlyene tank
equipped with acration devices. Water was renewed continuously by introduction of fresh
tap water from the City of Chapel Hill, pretreated to remove chlorine and organic carbon
(see next section). A thermostatic device prevented the temperature from dropping below
14 C.

Fish were acclimatized to test temperature and the experimental dilution water for a
minimum of ten days before testing. They were fed 5-7 times per week with protein-enriched

lyeing commercial fish food. For 48 hours prior to testing, the fish were starved, as customary in
of an static tests to reduce the amount of waste materials generated by them in the test container.
E;L:; Experimental Dilution Water : '
lo the The purpose of the bioassays was not to evalugle the effect of dye waste discharges on
fish native to some specific receiving stream, but, instead. to evaluate the effects of a large
; number of dyes on one fish species. Since reproducibility and general application of the
es on ' results were desired, experimental dilution water of constant quality was essential. To
iated : obtain such water, Chapel Hill tap water was dechlorinated and filtered by passage through
ve of i an activated carbon-sand filter system (Carbo-Dur and coarse sand system, Permutit Water
and i ‘ Conditioning, Inc.). The water was analyzed according to Standard Methods (2) before
f the i each test series. Its average chemical and physical characteristics are shown in Table 1.
il u TABLE I
“?“’i { CHARACTERISTICS OF EXPERIMENTAL DILUTION WATER
gica
sults i Parameter Range Median
; pH 6.6-7.1 6.8
i Total Organic carbon, mg/| 2-34 4
: Fe. mg/| <0.01-0.63 <0.02
dard j Al. mg/1 <1.0 <1.0
mits ‘ Mg. mg/| 0.53-1.6 1.4
are ' Ca, mg/| S.1-8.7 8.5
Total dissolved solids, mg/1 85-138 121
ates Turbidity, J_T_U 0-2 0
1ore Total Alkalinity as CaCO,, mg/l 19-32 27
has
g Dyes
Dyes tested were supplied by ADMI and represented composites from a number of
has manufacturers (see Appendix). The color index number and name of each dye isshown in
test : Table I1. Current commercial names are available from the annual AATCC publication
leet : Products/ 73 or from the Colour Index (7). Vat dyes were supplied as dispersions in Tamol
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“concentrations to be tested in full-scale tests. For

-

e e E

SN® (Rohm and Hass. Co.): disperse dyes, as ciispersions in Reax 85A® (Westvaco). Other
dyes were supplied as dry powders.

Dyes supplied as liquids were initially stored at about 20 C and subsequently

refrigerated. Dry powders were stored in the dark at about 20 C. All were stored in the
containers in which they were received.

Concentrations of dyes are ¢
dyes supplied as dry powders, th
determine the concentration of trace and inert materials. For dyes supplied as liquid
solutions or suspensions, the weight of the dye was calculated from information supplied by
ADMIL. For example, for a 15°;

o (by weight) dispersion of Disperse Yellow in 15% Reax, the
weight is calculated on the basis of the 15% dye.

xpressed in terms of milligrams per liter of the dye. For

mg/l dye = mg/l of 15% solution added x 0.15

For both liquid and drydye prepar
the appropriate dye on an

Temperature for Tests

Temperature is known to affect response of fish t
testing laboratory was equipped with air conditionin
and circulating fans in order to miintain const
water temperature in the various test series varied from 15 to 20 C, within any given test
the temperature range did notexceed * 2C, asspecilied in Standard Methods (2). Tempera-
ture was measured at the beginning, middle, and end of the 96-hour exposure period with
a thermistor probe (Yellow Springs Instrument Co.) or a common laboratory thermo-

meter. Ambient temperature in the laboratory was monitored continuously with a record-
ing thermometer (Tempscribe)

ations, test solutions were prepared by weighing out
analytical balance (Mettler P1200 or H20T)

0 toxic materials (8,9, 10, 11). The
. thermostatically-controlled heaters,
ant (22 C) temperature, Although Average

Dissolved Oxygen Content and Aeration of Test Solutions

Dissolved oxygen (DQ) is required by fish for survival. Also, DOisa factor in response
of fish to toxic materials (10, 11). Standard Methods (2) states that the DO should not drop

below 5 mg/| in fish bioassay tests. However, fish can tolerate oxygen concentrations well
below 3 mg/1, especially when maintained under laboratory conditions with restricted
feeding (12).

Aeration of test solutions d uring static fish bioassay tests is not recommended if there is
a possibility that such aeration may affect toxicity by accelerating loss of volatile materials,
In order to avoid loss of components and yet maintain a safe dissolved oxygen level the
following steps were taken: 1) No feeding of fish was allowed during the test period; 2) Fish
were starved for 48 hours prior to test ing; 3) The experimental dilution water was allowed to
equilibrate with the atmosphere prior to testing; 4) Dead fish were removed as soon as

observed: and 5) Acration with compressed air was employed for o

nly 5 minutes per jar
after 48 hours of testing. 1

Dissolved oxygen concentration was me

asured initially and at 48-hourintervals during
tests, using a polarographic axyvgen

analyzer (Yellow Springs Instrument Company).
PH Determination

pH was determined at the
Leeds & Northrup pH mete
attempt was made to contr
noted.

beginning, middle and end of the 96-hour exposure with a
r equipped with combination probe and expanded scale. No
ol pH during these tests; however. little variation in pH was

Test Concentrations and Procedures

Small-scale exploratory bioassays were conducted to determine the range of

small-scale tests, solutions were prepared

with the following concentrations: 0.01 +0.1,71.0, 10.and 100 mg/1. A test volume of 3.5 liters

and 2-3 fish per container were used.
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Based on results of small-scale bioassays a full-scale test range was chosen, the
concentrations falling between the highest concentration at which all fish survived and the
lowest concentration at which all or most of the fish died. An exception was made for dyes
in which all fish survived at 100 mg/l. In such cases 180 mg, | was highest concentration
tested in the full-scale tests. It was assumed that higher concentrations were unrealisticand
not likely to be encountered in streams receiving dye wastes.

In full-scale tests the T, was determined by testing a series of five concentrations
chosen from Standard Methods (2) and based on progressive bisection of intervals on the
logarithmic scale.ie. 1.0, 1.8, 3.2,5.6.and 10.0 mg 1. multiplied or divided as necessary by
any power ot 10,

In each test serics, control tests were conducted concurrently with the experimental
dilution water alone. No more than 10%, mortality occurred among control fish during the
tests.

In most instances, 10 fish were used to test each experimental concentration. In some
cases the number varied from 9 to 20 because of difficulties incurred by reduced visibility in
solutions of high dye concentration.

Test containers were S-gallon wide-mouth glass jars (Smith Container Corporation,
Charlotte, N.C.), 25 cm (d) x 47 cm (h) and contained 15 liters of test sulution. Prior to use,
they were washed thoroughly with a cleaning solution (Micro, International Products
Corporation) found to be clfective in removing dyes. After washing, they were rinsed
thoroughly with'tap water, with acetone (if necessary), and finally with distilled water.

Test Duration and Observations

Duration of all tests was 96 hours; fish ' were observed at 24-hour intervals. As soon as
observed. dead fish were removed. weighed, and measured. At the end of the test.
remaining lish were weighed and measured. Weighing and measuring of fish after. rather
than before the test. reduced excessive handling which could have damaged or made them
more susceptible to toxic compounds.

RESULTS AND DISCUSSION

Effects of the 46 dyes on fathead minnows were determined in a 96-hour static bio-
assays at concentrations up to 180 mg/l. The Tl the concentration at which 50% of the
' experimental animals survive, was estimated by interpolation after plotting percentages to
fish surviving at each concentration on semilogarithmic coordinate paper.

A complete listing of the data is shown in Table I1. The TLs, values for 29 dyes were
higher than 180 mg/1; 3 others fell between 100 and 180 mg/I; and the remaining 14 were
lower than 100 mg/1. The most toxic dyes were Basic Violet | (methyl violet), witha TLy, of
0.047 mg/|; esietsundhhiionhitomgaaam 0.12 mg/1; Disperse Blue 3, 1 mg/l; Basic
Yellow 11, 3.2 mg/|; Basic Blue 3,4 mg/l; Acid Blue 113, 4 mg. 1. Basic Brown 4, 5.6 mg/1;
Mordant Black 11,6 mg/l; Acid Green 25, 6.2 mg/l;and Acid Black 52,7 mg/1. Inaddition,
Table 11 presents the dye concentrations producing color of 50, 100, and 150 APHA units.

The two most toxic compounds, Basic Violet 1 and Basic Green 4, are triphenyl-
methane dyes. Malachite green (Basic Green 4) long has been uscd as a therapeutic
fungicidal compound for fish (6, 13, 14). It is an effective drug at appropriate
concentrations. but is known to be toxic at higher concentrations. Jaiasrd.tL4)

qve s 0

Friddbiaiy cpE : : 0 .l.aming(IS)latedthat(here
was not significant difference in the oxalate and chloride forms of malachite greenin regard
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to toxicity to whiting."m a recent survey of literatare on effects of chcmicg;n aquatic life,
numerous instances of malachite green toxicity to fish are cited, including rainbow trout, 2-
Sday The = 0122 mg, 1, 18 day ', = 0.048 mg/l. channel catfish, 2 day 11.,,=0.14 mg/l
(4).

Malachite green has also been used as a bacteriostatic and amebicidic agent (16).
Indeed. the triphenylmethane dyes, as a group, affect the viability of bacteria (17, 18, 19)
and, depending on concentration, may be bacteriostatic or bactericidal.

The antibacterial activity of triphenylmethane dves is attributed to their cationic
nature. It is suggested that the activity is due to “a reaction of the cation with some anionic
groups of bacteria to give fully dissociated complexes™ (17). Albert (17) and co-workers
showed that a quantitative relationship exists between antibacterial action and ionization
as cations in the acridine serics. He also cites work by Goldacre and Phillips indicating
strong correlation between ionization and antibacterial activity of the triphenylmethane
dyes, Doebner’s violet. malachite green. and brilliant green. He points out the dependence
of ionization, and thus of antibacterial activity, on presence of chemically inert groups in
the dye molecule.

Fung and Miller (7) tested the effect of 42 dyes on growth of 30 bacterial species on
solid media. Dyes were tested at 1:1.000 dilution. The basic aminotriphenylmethane dyes
brilliant green and malachite green inhibited growth, respectively, of 26 and 10 species. The
basic triaminotriphenylmethane dyes were inhibitory as follows: crystal violet, 27 specics;
basic fuchsin, 16; p-rosaniline, 19 methyl green, 18; methyl violet, 24. Bismark brown
(Basic Brown 4, a diazo dye). was inhibitory to 4. Fung and Miller indicated that gram-
ncgative species are more resistant to dycs than are gram positive species, and that at the
same concentration, basic dyes are more inhibitory than acid and neutral dyes.

No information has been found in the literature concerning the effect of Basic Violet |
on fish. However, gentian violet, a similar dye. is used as a therapeutic agent for fish (6).

The biological effects of Disperse Blue 3. Basic Yellow 11, Basic Blue 3, Acid Blue 113,
Mordant Black 11, Acid Green 25, and Acid Black 52 evidently are unknown.

In this study a substantial amount of time was devoted to seeking correlations between
dye structure and toxicity to fish. Several observationsappear to be appropriate: 1) None of
the direct of vat dyes were toxic and most disperse dyes were not: 2) Mordant Black 11 and
Acid Black 52, similar to each other in structure, had similar TLy, values (6 and 7 mg/1,
respectively); 3) The triphenyimethane dyes were the most toxic of those tested (The
triaminophenylmethane, Basic Violet I, was toxic at a lower concentration than was the
diaminophenylmethane, Basic Green 4); and 4) There appears to be a strong correlation
between cationic ionization and toxicity. ’

Overall, it may be concluded that the cationic dyes are the most likely to be toxic. This
is not surprising, as it has been known since the 1920's that many organic cations are
effective antibacterial agents. Indeed. much of the early work on antibaéterial activity of
organic cations involved the triphenylmethane dyes and the aminoacridines (17).

In view of this conclusion, it should be stressed that pPH may affect toxicity by
influencing degree of ionization of the dye and degree of ionization of its site of action on the
test organism. In studies performed for ADMI, in which only dye samples and clean water
were used, the pH remained near neutrality. If, in actual practice, dyes were discharged in
conjunction with acid or alkaline materials which would substantially change the pH, the
toxic effect could be markedly changed. Commonly, however, dye waste streams receive
primary and biological (secondary) treatment. As biological treatment demands a nearly
neutral pH for effectiveness and since discharge of strongly acid or alkaline wastes to

streams is not generally permitted. it would appear that marked variations in pH would not
be expected.
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SIGNIFICANCE OF STUDIES AND FURTHER RESEARCH GOALS

A 1936 “state-of-the art” survey of textile waste treatment described dye wastes as large
in volume, high incolor and. in many instances. toxic (7). Sulfur dyes and aniline black dyes
were especially incriminated for their effects on sewage treatment plant and receiving
stream biota. More than 25 years later another review of toxic effects of dyes concluded

Despite the fact that dyes are used extensively in industry and despite the fact
that numerous references state that dyes are toxic substances, relatively few
specific references dealing with the toxicity of dyes were uncovered in this
survey (22).

Today. nearly a decade since that review. the same statement may be made again, as
evidenced in the review of Kemp, et al (4).

The research described in this report constitutes the first extensive study of effects of
dyes on fish. The data indicate that many dyes should present no practical problem from the
point of view of toxicity to fish because their threshold values are far above concentrations
which could be acceptable in streams, considering regulatory limitations on color. On the
other hand, data for others suggest the possibility of environmental problems relating to
fish toxicity. These include dyes for which the observed TLy, concentrations, reduced by
customary “application factors” to yield probable safe levels. result in concentrations below
those which would cause objectionable color in streams. With these, it is possible that
toxicity to fish could be a problem, even at concentrations lower than those deemed
objectionable in the stream for reasons of appearance. ‘

Wastewaters containing dyes may pass into the environment in practice via municipal
sewerage systems or through direct discharge to streams by industries using them. Ineither
event, pollution control regulations today require that virtually all wastewaters discharged
by either route must be su bjected to specified types of treatment before reaching the stream.
In many instances, it is possible that the dye may be removed by a wastewater treatment
process or modified to produce a less toxic form, such as by attachment of the dye to
suspended materials removed during primary treatment or to growths developed in the
biological system. For example, some of the dyes with relatively low TLs, values have been
used as biological stains because of strong tendencies to combine with cell materials.

In view of this situation, it is logical to anticipate the toxicity of some of the dyes could
be substantially less in practice than suggested by the rather simplistic tests conducted
_during these preliminary investigations. Further studies are underway of those dyes
showing significant toxicity in the tests.

For those dyes for which the 96 hour TL,, to fathead minnows is <50 mg/|, aerobic
biological treatment is under evaluation as a means of reducing color and toxicity.

For these tests, fill-and-draw activated sludge pilot plants with 10.5 gallon aeration
capacity and 24 hour aeration time are employed. The units are seeded initially with mixed
liquor from an extended aeration plant. Feed to the units is Chapel Hill sewage, to which

" sodium bicarbonate is added to increase alkalinity by 50-75 mg; | (as CaCOy). Foreach test
unit, the sewage is spiked with a test dye to give an initial dye concentration of 10-50 mg/1,
depending on the T, A control unit, identical to test units in every way except for dye
addition. is operated concurrently with all test runs.

Aeration units are monitored daily for DO, pH. and temperature, and 5 times weekly |
for MLSS and MLVSS. Nitrogen forms (nitrite, nitrate, ammonia, and Kjeldahl) are
measured 3 times per week.

After a minimum of 14 days of operation to insure development of an acclimated
sludge, influent and effluents (2 day composites) are collected for analysis of BOD;s, TOC,
nitrogen forms, and suspended solids. Additionally, effluentsare evi luated forcolor (1)and

fish toxicity.
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Preliminary “vosults indicate that sccondary treatment generilly achicves some
reduction of color and toxicity, insome cases by 90-95%. However. this degree of treatment
is inndequate with most of the dves tested because the residual color and/ or toxicity exceed
acceptable levels. Theretore, investigations are being initiated to investigate physico-
chemical methods of treatment (ozonation, coagulation-precipitation, activated carbon,
ion-exchange) for reduction of color and toxicity.

- nomaiter what result is predicred,
the fish is the only true arhiter of toxicity (24)

APPENDIX
Dye Sample Preparation for ADMI Study

. The samples of dyes provided by the ADMI for environmental studies are all
compaosite samples from a variety ol manufacturers. Following is a description of how the
samples were prepared.

The list of dyes selected for cvaluation was circulated to the member companies of
ADMI with an invitation to provide as many as possible of the dyes on the list before a
deadline date. The instructions provided the manufacturers asked that the Acid, Basic,
Direct, Mordant Black 11 and Fluorescent Brightening Agent 28 samples be dricd and
ground concentrate with no additives present; the Disperse and Vat samples be finished, wet
presscake with no additives present and that the Sulfur Black I be in solution with no
additives present. The presscakes of dyes as produced in ordinary manufacture vary
considerably with respect to moisture content and are filtered from solutions that contain
amounts of salts, especially sodium chloride and sodium sulfate, that vary from almost
none to saturated. For this reason the organic dye content of dried presscake will vary from
about 100% to about 50 in the case of very wet pastes taken from saturated salt solutions.

The samples collected by the manufacturers were then sent to designated collecting
points as follows:

" 1. Acid and Basic dves — GAF
2. Direct. Mordant and FI. Brightening — Verona
3. Vat and Sulfur dyes — Sodveco
4. Disperse dyes  DubPont

Equal guantities from cach of the collected samples-of the Acid. Basic, Direct,
Mordant and Fluorcscent Brightening Agent were found and blended to provide the
samples used for study.

Equal quantities of the vat dve pastes were mixed togetherand an amount of Tamol SN
(dispersing agent) equal to the weight of the active ingredient of dye was added. The mixture
was then milled to provide a reasonable dispersion to contain 15¢; active ingredicnt (dye)
and 15 Tamol SN. This material was used to provide the samples for study.

The disperse dyc samples were prepared in the same manner as the vat dye samples
cxcepting that Reax 85 A was used for the dispersing agent.

Reax 85A isa lignin sulfonate and Tamol SN isa condensed naphthalene sulfonic acid.

Samples of the same lot of materials used to make the dispersions for study have been
retained. -

Portions of the blended dye samples as provided for study have been retained for
possible future use.
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TOXICITY OF 22 THERAPEUTIC COMPOUNDS
TO SIX FISHES

By Wayne A, Willford, Chemist
" Fish Control Laboratory, La Crosse, Wis.

ABSTRACT.--0Of 22 therapeutic chemicals (18 parasiticides and 4 oral
bacteriostats) tested by bioassays, 16 were toxic to fish and 6 were not.
Tests were in 24- and 48-hour static bioassays on rainbow, brown, brook,
and lake trout and bluegills at 120 C, and channel cadish at 179 C. The
16 toxic chemicals, in descending order, were malachite green, Trolene,
CoRal, Tiguvon, Roccal, P.M.A,, Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Ruelene, TV-1096, nickel sulfate,
formalin, and quinacrine hydrochloride; the 6 that did not appear to be
toxic were erythromycin thiocyanate, quinine hydrochloride, Flagyl,
sulfamerazine, sulfamethazine, and sulfisoxazole.

An objective of the Fish Control Labora-
tories is to develop chemical tools to prevent
and control fish diseases. Although efficacious
concentrations of many drugs have been de-
termined, a thorough examination of their

. toxicity has not been reported. Prior to clear-
ance of drugs, the Food and Drug Administra=
tion requires data on their toxicity. The pur=-
pose of this study was to define the toxicity of
22 therapeutic chemicals to six species of
fish before further research is undertaken on
their efficacy and residues.

Eighteen parasiticides of known or possible
value as external treatments for fish were se-
lected for investigationupon recommendations
by other investigators. Four oral bacteriostats
were tested to determine whether any toxicity
to fish would result through leaching, or ex-
cretion, of the compounds into water.

MATERIALS AND METHODS

Six species of fish were obtained from vari-
ous fish hatcheries (table 1), All were quar-
antined for 10 days, and those judged ac-
ceptable for bioassays were acclimated to
conditions of the tests.

The static bioassays were made in facilities
described by Lennon and Walker (1964). We
used S5-gallon glass jars which contained 15
liters of reconstituted, deionized water at
rotal hardness of 42 p.p.m., and a maximum
of 1 gram of fish per liter of water, Each test
included 10 concentrations of a chemical. Ten
fish were exposed to each concentration, and
20 fish served as controls.

The 22 therapeutic compounds were tested
at 120C, against five species of fish at La
Crosse, Wis. (table 2). Tests against channel
catfish at 17 %were made at the Southeastern
Fish Control Laboratory, Warm Springs, Ga.

A concentrated stock solution of each com-
pound, using acetone or deionized water or
both as solvents, was usually prepared for ad-
dition to the test vessels immediately before
each test. When solubility of the compound
prevented preparation of concentrated stocks,
the compound was added directly and allowed
to dissolve in the test vessel.

Observations on survival and mortality
were recorded at 24 and 48 hours. The data
were then analyzed by plotting concentration
against mortality on logarithmic normal

B ——— T
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TABLE 1.--Fishes used in toxicity trials
Average | Average
Species Lot 1,,,;& ,eig;gt Gr::::g Source
(inches) | (grams)
Rainbow trout, Salmo gairdneri.........| 159 1.5 0.5 1-21-65 National Fish Hatchery,
DOcvevecesecccnssnccassnnnnncssssss | 159 1.8 0.9 2-15-65 Manchester, Iowa
Brown trout, Salmo truttB...ecessecsess | 177 1.7 0.8 3-16-65 National Fish Hatchery,
DOsecevavtesaesocassevsnsaonnssenss | 177 1.9 1.2 4= 1-65 Lake Mills, Wis.
Brook trout, Salvelinus fontinallis.... | 161 1.5 0.4 1-21-65 State Fish Hatchery,
DOveensscsasensssnccocnncncncennsns | 161 1.6 0.6 2-15-65 St. Croix Falls, Wis.
Leke trout, Salvelinus namaycush.......| 78 4.0 2.5 8-1-64 National Fish Hatchery,
DOcvevevnsececsscncnnnssesssnsennas| 78 4.0 2.8 8-28-64 Jordan River, Mich.
DOieereccnssccncscvsnsssnvscnasnaas | 78 4.1 3.2 10- 7-64
Channel catfish, Ictalurus punctatus... | W-70 2.1 1.2 7-21-65 National Fish Hatchery,
DOvevreneransnscnsencncacnoncnsnnne | W=74 2.2 1.5 8- 4-65 Marion, Ala.
Bluegill, lepomis macrochiruS.e.ceeeee. | 115 1.6 0.8 11- 5-64 National Fish Hatchery,
cesreesscassrsavscsasescsscassnse | 131 1.4 0.7 11-17-64 Lake Mills, Wis.
DOvsestenrmnpenivanssmssusaisseriss | 13L 1.7 1.1 12- 1-64

TABLE 2.--Common nmmes and active {ngredients of campounds tested

Crade or
formulation

Active ingredient

technical..ivirincrnninnarnans

Malachite greeh........... tererasenae ,

3,t-diaminc-1G-methyl acridinium chloride and J3,6-dimminoacridine
k-(?-mlam-mulmmi-g-l-yymudyl-g-cnu.:l dihydrochloride

C,0-diethyl O-3-chloro—4-methyl-2-omo=2H-1- othiocate

erythromycin thiocyanate

1-(2-nydroxyethyl-2-methyl-3-nitroimidasole
37-percent formaldehyde gas in water

ByTan-7-yl-phosph

technicalicescoccncrrnrennnans bie-{ p-dimethyleminophenyl' phenylmethane treated with HCL
Merthiclate....vinienniorrannananses sod{l@ ethylmercurithiosalicylate
Methylene blue 3,7-bis{dimethyleminc} phenazatbionius chloride
NOQUVOG. s eearerarernrsnnarsnastiacans
{ POWdEr....evarenssensasnsans C,0-dimethyl 2,2,2-trichloro-1-hydroxyethyl phosphonate
Nicke] BULIBLE..ceuernnernrnnnnnnnsns analytical reagenl............ NiSO, « 6Hy0 .
PoMhhetvrusnrnerinasesarsnsassnnansns technical.ciiieeacianas teneae pyTidylmercuric mcetate
Quinacrine hydrochloride !
(ALABFIBE ) sueescccscsroncarsnnnnen technical..oovnens Sedaas e e 3-chlaro-7-sethoxy-5 (1-methyl-s-diethylasminobutylemino) scridine dihydrochloride
Quinine hydrochloride......c.cuceunas Eum“d Quinine hydrochloride
RECEM) v swiva v v s daawalv e s s iadns alkyl dimethy lbenczylesmcnium chlorider
RUBFICT .o e cawnieanananmassssssdissons 4-teri-butyl=Z-chloropnenyl methyl ®ethy lphosphoraml date
Sulfamerazine........cocvcvnsrranssss | US. Ao (4emethy)-2-pyTimidyl’ sulfanlismide
SULTaBE LS. v v v rrnrrirasiinnanas UnS.foensencrcnarisesnscancss AV e(a,0-dlmethyi-2-pyTinidinyl) sulfanilemide
Sulfisoxazcle..oveee U.S.Fuuas . . o | AV (3, 4-dimethyl-5-isoxnascly]) sullanilaside
TLQUYOD. cs.sssesstsasnnsncrannansnans 00 BE/CCrererensarrsnsssnnsns 0,0-dimethyl D-{s-:nmlmo)-!'.oul] phosphorothiocate
TrOleDe. ccceecrncnnsosonanansracasnns technical. cocvreransincnsonans C,0-dimethyl 0-2,4,3-tricklcrophenyl phosphorothicate
TV-109¢ (Parke, Devis & Compamy)..... | 1echRICA. veunvernnranseanss . u-uno—z-(:b-mu-t-z-mﬂl'-5-(;—niv.mpnewn-z-mu:une.z..-m;

(probability) graph paper to define the con-
centration that produced S0-percent mortali
(LCsx ) as described by Litchfield and Wil-
coxon (1949), Variance and the 95-percent
confidence interval (C.1,) were also deter-
mined.

Most of the compounds tested were techni-

cal or U,S.P, materials, and the rest were

formulated materials., To eliminate confusion,
all results are reported in terms of p.p.m. of

total material (formulated or technical) in-

ty stead of active ingredient,

RESULTS

Of the 22 compounds, 16 were toxic to the
six species of fish, and the LC g values were
determined (tables 3 to 8),

e e e v S i e = kg
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TABLE J.--Toxiclty of 16 compounds to rainbow trout st 125 -,

At 24

hours

At 43 hours

Compound

3o
(p.p.2.)

93-percent

S 8

LCyq ¥3-parcent
(pep.ma) 5 A

e

Toxicity of 22 Therapeutic Compounds to Six Fishes 3

TADBLE 6.--Toxicity of 16 compounds %o lake trout at 129 C.

At 24 ncurs

At <8 hours

Wi —p-mn‘
(pep.m.} 2.2.

I
i

T
Wyo  ¥-parcent
(pPep.m.) i -1

Acriflavine...... [ET TR

CoMlecaasiinannsensrnnansns
FormaliB...ivivvennssnnnass

Malachite Jreen.

Usthylens Elu....e.eeeess |
NOQUYCHL ¢ cecvarrrranasannea |

Mickal suilate
PoMAaiaaans

Qinacrioe ACl...c.cvevnaas
Rocealicescacinnnirinnnenes

fuslane....
Tguvon. .

Trolens....iiiiiiiiigiaaaan

TV-1096. ooiinienrairinans

0.1 | 26.2-34.6
~%0 | 43.3-30.8

2.60 ] 2.28-2.9%

&

|
5.0 ‘ 3

.30 | 3, 36-0.09
5 ]53.1-55.4

20.5-30.5
4. 15-9,78
J. 24 2.
4,

Q.

1
.2 22.4-25.7

42-236

F.J-Je. 1

L2-3319

32-3.00

1.35-38.8
42-3.43

89-1.53

19.9 17.0-23.3
35,2 HES 2 FE TR

Q.3% 0. 010,99
led 54-143

c.w9 2.33-0.46
2.2 13.0-24.2

16.3 F U.3-14.7
2.2 ! 10.e-14.0
!

Led , LC-lTL
173 13, 2ek.ns

1y s L39- L3¢
2.37 | €ele=d.06

Ja.o 30.3-31.6
4. )5 Joeder.22

. % J.hk=C, 38
1 . 9-17.4

CoRml.c.sas.s T T T TT T TT T
Formalin. . .vevnaasnnnneans

Malachite green..
Uerthiclate.....

Wethylens Slue...iicevnnn.s!
N Ves snasresstrtrnnnnns i

Vicoel sulfatesciaieiiiin.,,

Juloacrioe Klooeeee..., !
AocChliveansrnnaises |

Ruslend...ccerienvacincnnne

] 34, 70,3
] 12.1-19.8

6.30 4.3C-11.56 |
220 20C-242

2.57 Q.49-0.68
V.3 doe=lT.6
5.9 KL I
=1.0 - B

1 S i
2.3 i il.3-0.2

«d -1 B )
.70 diwl=d22
[s]

£ 23.2-09.2
6.30 0,086, 9%

.73 d.e2=0.98
2.9 29.6-25.2

24.4-32,2
W.2 . 10.3-18.1

I

P 1.25-12.80
167 | ls0-17%

1

1 0.33-0.49
1.06~%. 26

3

29.13-19.4
7.4C-11.23

5%.6=101.2
%.13=3.12

o

L2.4=-)5.7
1.68-2.26

~
e

o
"
¥
5

i e.91-5.T2

“g Ee ke go ko

.E
23

o

e,

TABLE =.--Taiciyy of le :mpouds o trown trout at L9 C,

TABLE 7,--Tixicity of le

rmpounda o chansel

satrlsh a% 1TV C,

At 2 hours At +d hours At 24 hours At 48 nours
Sumpound 79 ¥5-percent LCsq 93-percent Compound Liso ; %-percent Lisa 35-percent
(fapema) &h {(p.p.a.) <l (p.p.a.) Sio 1 (pepema) | bR

{
T
H

ACTLLLaving. . veeueniiieaass 16, b=k, 0 3.5 39,3474 32 31.0-05.9
)

AROPYTOqUiN. st vntnrinanas

Malachite green...
Merthiclate........

Uethylens blue...covvuuenas
NOQUY DL s s s st svassrnnananns

¥i:kel sulrate..

Juinacrine dCL...i.ieieiiaas
Rocellivsescecnsarnsnnanane

TV-10%uecatecaassnranannes

17.3=7.2

S.34-1. 00
0= Sl

Cib2-0.49
75160

40.2-03.2
«d.2-60.5

NS-4ok
d.0-10.2
Jel=21
Jamt=d. 5%
24,7227,

P, 39

0. 18-0.7%

27.0 25.0-29.2
Jo.Q 33.)-18.9

¢.73 S.oe2e0.36
183 le3-208

0.3 Q. 30-0. 38
%.d ~7.3-0l.0

J2.3 28.3-37.«

le.5 1L.3-23.1
270 Sel- 32

r.d2 5.71l-c. 8

230 L4248
2.03 1.74-2.452

.7 26,2-27.2
62 2.79-4.71

.19 J.JC-0.51

Fumln

Malachite green,....
Merthlolate..verunaarniensn

Methylens blue
NEQUYOD. s cseassccronansnnns

Nickel SULfateuiaiiienannn,
L

Quinacrize HCL....... .
ROCCAlivenarnnsnsiancasanss

RUSLeNe, cvuerrnnnntnrannans
Hlguvonecseessoscnacerenns

Trclen®.civeeacese
[Vel09%uavaruaanses

19.8 17.7-22.2

0,30 | 5.41-7.98
L7 L9-143

J.21 Cul7=0.27
7.30 6.41-4.73

o 13-
0.9 m.7-38.3

ted ]
22 <at=1,30

18
L8

109=212

L. le-l.=1

i
i
i
I
9.5 i J7.0= 1.5
F ~.30-7.73

s Ld-1.2

.0 40.6-101.3

0,20 | Q.16-0.26
(03 | %.79-6.67

93-116
26, 3=l )

F oo

lo$ L9-21
299 lieted2l

TABLE 3.--Toxicity of l6 compounds ta broak trout at 12° C.

At 24 hours

At 48 hours

Compound

ey
(pepea)

95-parcent
c.l.

LCso 95-parcent
(p.p.m.) ¢ L

Acriflaving..icieeiieinnaas
Amopyroquln.

Trsissssiaranan

CaRal..
Formall

Malachite greeR.......vuue. |
Merthiolatessveresinananssn

sssenn

Setssenansrannanss

Nickel sulfate......ecuuse.
Pilb iivrsvaivsacencninnsnea

Qunacrine HCL..v.vesnsnnas
L I A e,

Rualene. .. assueecstannan
TAQUVON L Lo e s ot siinseansons

PO LoD ciaiiisaieinae,
by b PO

48.0
32.0

1.06
196

J.30
9.5

~9.3
K.

15.5

43.2-33.3
44, 8-60,3

0.87-1.29
187-206

0.22-0.40
85,2-9%.0

41.2-60.)
2J.4=49.)

L2.9-18.6

[ o 1)

T
J.21-7028

Uombeda Y
<. 120%

.8 14.0-13,7
40.0 38.1-42.0

Q.80 0.70=0. 91
1?7 %3173

0.2¢ 0.22-C.31
7%.5 71.0-78.2

22.9 17.2-30.5
le.8 4. 1-20.0

242 224-201
10.7 3.8-11.7

230 L77-2m
J.40 Jal9-1. %

.2 i il.9.-3d.4
5.20 ("3, le-9,3d

2.9 j\.l ~C=_, 39
.J [u. «3-21.9

TABLE 3.--Taxicity of le compounds to Sluegills at 120 ¢,

Compound

At 24 hours

At 48 hours

LCso 95-parcent
(pepe.) & 1.

Acriflavine....

Malachite yreen............
Merthiolate....ceoveennnn.,

Mathylene blus.............
Neguvon......

Nickel Sulfates.rerniaiaas.
L

aiﬂa‘.rim L - PP

Mriletecsivnnreenas waeiaas
V-l dbencasonnsirennnennss

18.0 16.8-19.3
3.0 23.6-42.2

10.5 8.1-13.6
145 156-220

0.26 9.22-0. 31
110 a7-19

‘o.d .- 97,4
3.7 L.2.14.7
2,30 2.2%-2.1
7.9 33, )-ml)

JJ.0 26,216

7.0 53.9-90.2

<93 30~ 5ad
6.0 V.4-19.0

.0 54.1-115.3
l.cd L.je=1.31

3.2 i 2=37.1
R Al 7.67-1, 12

L BRCEEY N
24.2 25.9= 0.7
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pecies, and LCw values range from 0.11 to

.40 p.p.m. at 48 hours. Clemens and Sneed
(1958a) reported its LC 5 to channel catfish
as 0.14 p.p.m. in 24 and 48 hours at 25°C.
Our results show the LC g values to be 0.21
and 0.20 p.p.m. in 24 and 48 hours respec-
tively at 17©. This variation between results
may be due to differe,test__,_t_empera-

) R

Following malachite green in decreasing
order of toxicity are Trolene, CoRal, and
Tiguvon, all of which have the basic structure
of phosphorothioate. In the same general
range of toxicity are Roccal and P.M.A,, with
Roccal the more toxic of the two. Roccal, like
malachite green, exhibits relatively uniform
toxicity, and LCs values range from 1.12 to
3.40 p.p.m. at 48 hours for all species.

P.M. A, exhibits a much wider range of tox-
jcity with LC g, values of 2.9 to 16,0 p.p.m. at
48 hours. Clemens and Sneed (1958a) reported
its LCso to channel cadfish as 3.8 p.p.m. in
24 hours at 24° C, In a later publicadion, these
authors (1958b) reported the LC g of P.M.A.
to channel catfish as 2.96 and 2.81 p.p.m. in
24 and 48 hours, respectively, at 16.5°. Both
reports compare favorably with our LCg
values of 3.22 and 2,89 p.p.m. for 24 and 48
hours at 17°,

Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Rue-
lene, and TV-1096 fall into an intermediate
toxicity range with LC g of 10 to 100 p.p.m.
Only Ruelene exhibits a uniform LCg range
of 25.7 to 35.0 p.p.m. for six species in 48
hours. The other compounds of this group
demonstrate a relatively wide range of tox-
icity to the different species.

TV-1096 is soluble only to approximately
30 p.p.m. in water. Amounts above this level
produce a saturated solution with a precipi-
tate on the bottom of the test vessel, Brown
trout fail to succumb to concentrations below
30 p.p.m. and for this reason, LCess values
could not be derived for the species. Also,
amounts of TV-1096 in excess of a saturated
solution are nontoxic to brown trout. In con-
trast, LCs values of TV-1096 for the other
species range from 16.1 to 28.2 p.p.m. at 48
hours.

Nickel sulfate, formalin, and quinacrine hy- -
drochloride are the least toxic of the com=-
pounds analyzed. Formalin exhibits a fairly
uniform LC = range of 96 to 185 p.p.m. at 48
hours. The other two have 2 much wider
range.

Clemens and Sneed (1958a) reported the
LCg values of formalin on channel catfish to
be 87 and 69 p.p.m. in 24 and 48 hours, re-
spectively, at 250 whereas we found them to
be 137 and 96 p.p.m. in 24 and 48 hours, re-
spectively, at 170C. This variation in results
seems to indicate that the toxicity of formalin
may be increased by an increase in tempera=
ture. The observation is supported by our re-
sults which show that formalin is more toxic
to channel catfish at 179than it is to four
species of trout and to bluegills at 129,

Erythromycin thiocyanate and quinine hy-
drochloride were tested at an arbitrary level
of 100 p.p.m. Their solubility would have per-
mitted higher concentrations but preliminary
tests indicated little toxicity. At 100 p.p.m.,
the substances were not toxic to the fish.

The poor solubility of Flagyl, sulfamera-
zine, sulfamethazine, and sulfisoxazole pre-
vented the determination of LC, values.
Solutions were saturated before lethal levels
could be reached. The arbitrary concentration
of 100 p.p.m. was selected then for tests. This
resulted in saturated solutions with excess
chemical remaining on the bottom of the bio-
assay vessels. None of them was toxic to the
six species of fish,

DISCUSSION

Malachite green has been in use for many
years as a fungicidal dip for fish (Foster and
Woodbury, 1936). Recently, Amlacher (1961)
recommended it for prolonged treatment of
fish in ponds to combat Ichthyophthirius,
Chilodenella, and Costia. He applied 0.15

p.p.m. and allowed it to dissipate in the water.
Concentrations of 0,11 to 0.40 p.p.m. in our
bioassays proved toxic within 48 hours to the
six species of fish tested. Thus; there is &,
risk withi concentrations ofer O ITP.p.H. In
GAg-verm ErEATMEnts:
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Trolene, CoRal, and Tiguvon are under con-
sideration as prolonged treatments for control
of Ichthyophthirius, Tiguvon is the least toxic
of these organophosphates to fish. This indi-
cates that it may prove the most valuable of
the group if minimum concentrations required
for control of "Ich" are approximately the
same for all three,

Roccal has been in use as a bactericide for
many years (Fish, 1947), Putz (1964) reported
its possible value in prolonged, indefinite
treatments at 0.25 to 0.50 p.p.m. for Ichthyo-
phthirius. In treatments such as this, the
chemical attacks the free-living stages of
"Ich'", He did not say which formulation of the
chemical he used, but 10-percent active is the
formulation commeonly used in hatcheries
(Davis, 1956), We used 50-percent active, and
upon converting from 10-percent active to
S0-percent active, the treatment levels could
be reduced to 0.05 and 0.10 p.p.m, This per-
mits a comparison between treatment levels
and toxicity which shows a 10-fold difference
in concentrations,

P.M. A. has been of considerable value in
combating bacterial and protozoan diseases
(Davis, 1956), Evidence of its greater toxicity
to rainbow trout than other trouts has been
reported over the years (Foster and Olson,
1951; Rodgers et al., 1951; Wolf, 1951;
Hammer, 1960), Allison (1957) reported va-
riations in the toxicity of P.M.A, from lot to
lot of chemical., We used only one lot of
P.M. A, in this study, and the results support
the earlier findings that it has greater toxicity
to rainbow trout. For example, it was up to
three times as toxic to rainbow trout as to
brook trout. Channel cadfish appear to be sen-
sitive to the compound at 179C,

Snieszko and Friddle (1948) used merthio-
late (sulfo) as a disinfectant for rainbow trout
eggs. Van Duijn (1956) cautioned against use
of merthiolate as a fish bath since the com=
pound is a mercurial and is certain to be toxic
to fish in contact with it for some period. We
find an extreme variation in its toxicity to
different species. This is especially true at
24 hours where LCg values range from 7.5
p.p.m, for channel catfish to 110.0 p.p.m, for
brown trout. This variation diminishes some-

what at 48 hours, and lake trout become the
most sensitive to the chemical. The LC s at
48 hours for lake trout is 2.1 p.p.m. in con-
trast with 74.5 p.p.m. for brown trout., Varia-
tions in resistance such as this may make
merthiolate extremely difficult to work with
in routine treatments of several species,

Acriflavine, amopyroquin dihydrochloride,
methylene blue, Neguvon, Ruelene, and TV=-
1096 are under consideration as prolonged,
indefinite treatments for control of Ichthyo-
phthirius, Putz (1964) reported that 3 p.p.m.
of acrifiavine shows promise against the par-
asite. Our results indicate that bluegills are
the most sensitive to the compound with LC g
values of 18.0 and 13,5 p.p.m. at 24 and 48
hours respectively. Channel catfish are the
most resistant with LCg, values of 43.5 and
33.2 p.p.m, at 24 and 48 hours.

Clemens and Sneed (1958a) reported the
LC, values of acriflavine on channel cadfish
at 24 and 48 hours to be 11,5 and 6.8 p.p.m,,
respectively, at 209 C, Our finding, is that it
is only about one-fourth as toxic as that. Pos-
sible causes for the discrepancy are many.
Among them are differences in water quality
and temperature, differences in the condition
of fish, and purity of the compound used. In
addition to this unexplained variation in the
toxicity of acriflavine, another factor war-
rants serious consideration in its use. Van
Duijn (1956) reported sterility in both egg-
laying and live-bearing aquarium fish. This
is a temporary situation and normal fertility
is restored after several months,

Amopyroquin dihydrochloride also shows
promise as a prolonged, indefinite treatment
at 0,05 to 0,10 p.p.m, for control of Ichthyo-
phthirius (Putz, 1964), Our results show that
its toxicity to all trout tested, with the excep-
tion of lake trout, is between 35 and 40 p.p.m.
for 48 hours. Also, bluegills at 120C, and
channel catfish at 170 are approximately as
sensitive as lake trout. A treatment level of
0.1 p.p.m, would include a safety margin in
use of more than a hundredfold even against
these three species.

Van Duijn (1956) recommended methylene
blue as a satisfactory control for Ichthyo-
phthirius in aquariums, He used 2 to 4 p.p.m.

- e g



e :

8  Investigations 1n Fish Control 18: Bureau of Sport Fisheries and Wildlife

of it in a permanent bath at temperatures be-
tween 21 and 270C, We found that rainbow

trout are the most sensitive to the dye, and the

LC g 1s 16 p.p.m. at 48 hours. The most re-

- sistant species is channel catfish with an

LC g of 104 p.p.m. at 48 hours. The remain-
ing species are intermediate in sensitvity
with a 48-hour LC, range of 22.9 to 34.0
p.p.m. Comparison of the use levels with tox-
icity levels indicates a good safety margin,

Neguvon and Ruelene are of approximately
the same toxicity except in one very important
respect. Neguvon has a marked difference be-
tween the 24-hour and 48-hour LC ;. The
most striking example of this involves lake
trout with LC g, values of 41 p.p.m, at 24
hours and 9 p.p.m. at 48 hours. Differences
between the 24- and 48-hour LC, values by a
factor of at least two are common except with
bluegills. For some unknown reason the dif-
ference with bluegills is only 78 to 71 p.p.m.

Ruelene provides a contrast with Neguvon
because it exhibits approximately the same
toxicity at 24 and 48 hours. In the case of lake
trout, the 24- and 48-hour LC g, values are
identical at 27 p.p.m. It is possible that Rue-
lene degrades very rapidly in the test vessel
to a nontoxic level, ;

TV-1096 has toxicity coinparable to that of
Neguvon and Ruelene. Like Neguvon, it does
not appear to degrade as rapidly as Ruelene.

Nickel sulfate is under consideration as a
prolonged, indefinite treatment for control of
Ichthyophthirius. Our results show that it is
relatively low in toxicity when compared with
the other compounds tested, but it has a fairly
wide range of toxicity among the species
tested. The LCyg values at 48 hours range
from 75 p.p.m. for lake trout to 495 p.p.m. for
bluegills. Twenty-four-hour tests of 50 to 275
P.p.m. on brook trout and 200 to 500 p.p.m. on
bluegills did not cause death.

Allison (1957) reported use of formalin as a
parasiticide in long-term treatments in ponds.
He suggested 5 p.p.m. for Gyrodactylus and
15 p.p.m. for Trichodina and Ichthyophthirius,

Our results show that formalin is relatvely
and uniformly low in toxicity when compared

with the other compounds tested. It does ap-
pear to increase in toxicity as temperatures
rise from 170 to 250 C, Even with this in-
crease in toxicity, the compound retains a
safety margin of at least sixfold at recom-
mended use levels, '

Van Duijn (1956) recommended use of quin-
acrine hydrochloride in treatment of stubborn
cases of "Ich" in aquarium fish. The treat-
ment consists of three applications of 1 p.p.m.
at 48-hour intervals, This totals 3 p.p.m. if
no degradation of the compound occurs. He
also stated that this treatment should not be
extended over long periods and that 8 to 10
days should be sufficient.

Our results show that lake trout are ap-
proximately 10 times as sensitive to quin-
acrine hydrochloride as the other trout and 3
or 4 times as sensitive as bluegills and chan-
nel catfish, The sensitivity is complicared by
the fact that the toxicity to lake trout is quite
erratic and some deaths occur over a wide
range of concentrations. The 48-hour LC, of
quinacrine hydrochloride for lake trout is
approximately 10 p.p.m,, the LC,, is 21
pP.p.m., and the LC,,, is 110 p.p.m. Some fish
succumb to the chemical quickly and at com-
paratvely low concentrations whereas the
rest survive for long periods. Further evi-
dence of this lingering is shown by the slight
difference between the 24-hour LC o of 28
P.p.m. and the 48-hour LCy of 21 p.p.m. In
contrast, there is a considerable difference
between the 24- and 48-hour LC,, values ob-
tained for the other species. A possible ex-
planation is that there is considerable va-
riation in resistance among lake trout
individuals,

Van Duijn (1956) recommended use of qui-
nine hydrochloride for treatment of Ichthyo-
phthirius in aquarium fish. The treatment
consists in adding 1 p,p.m. on 3 successive
days, a final treatment level of 3 p.p.m. He
cautioned against use of the treatment for long
periods because of possible fertility problems.
Our results show that 100 p.p.m. of the chem-
ical in water are not toxic within 48 hours to
the species tested.

Erythromycin thiocyanate has been used as
a food additive for control of kidney disease in
rainbow trout at 4.5 grams per 100 pounds of




tish per day for 21 days (Piper, 1961), Warren
(1963) reported that it is toxic to rainbow
trout at 500 mg. per kg. Our results show that
100 p.p.m. of the antibiodec in water is not
toxic to the species tested within 48 hours.

Flagyl has been used in medicine as an
andprotozoal agent (Cutting, 1962). Putz
(1964) reported experimental use of it at 1.5
p.p.m. for control of Ichthyophthirius. Our
results show that Flagyl is nontoxic at 100
p.p.m. The finding is qualified somewhat since
the compound i8 not immediately soluble at
100 p.p.m. It dissolves slowly, however, and
is completely in solution within 48 hours.

Snieszko and Bullock (1957) reported use of
sulfamerazine, sulfamethazine, and sulfisox-
azole as food additives in the treatment of
furunculosis at 8 to 10 grams per 100 pounds
of fish per day for 10 to 20 days. Van Duijn
(1956) recommended use of the sodium salt of
sulfamerazine at 1 part per thousand as an
effective cure for worm cataract in aquarium
fish, In our water, sulfamerazine, sulfameth-
azine, and sulfisoxazole are not soluble at 100
p.p.m., and saturated solutions are not toxic
to the six species within 48 hours.

All of our results were obtained with fish
which were, to the best of our knowledge,
healthy. They showed no signs of disease or
physical injuries. The toxicity of these com=
pounds to fish which are sick or in poor con-
dition might be significantly different.

‘None of the compounds reported herein are
cleared by the Food and Drug Administration
and the Department of Agriculture for use on
fish destined for human consumption, The
data and discussion presented in this paper
should not be construed as recommendations
for use.

CONCLUSIONS AND SUMMARY

The toxicities of 22 therapeutic compounds
to rainbow trout, brown trout, brook trout,
lake trout, and bluegills at 12°C, and channel
cafish at 17 ©were determined in 24- and 48-
hour static bloassays.
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LC g values for malachite green, the most
toxic compound tested, range from 0.1 to 0.4
p.p.m. for all species tested. CoRal, P.M.A.,
Roccal, Tiguvon, and Trolene are less toxic
than malachite green, but still rank relatively
high in toxicity. Their LC, values range
trom approximately 0.5 to 10 p.p.m. for all

species.

Acriflavine, amopyroquin dihydrochloride,
merthiolate, methylene blue, Neguvon, Rue-
lene, and TV-1096 are {ntermediate in toX-
icity. The LC g values range from approxi-
mately 10 to 100 p.p.m. for all species.
Merthiolate has wide variations in toxicicy to
various species.

Formalin, nickel sulfate, and quinacrine
hydrochloride have relatively low toxicities.
The LC g values are usually above 100 p.p.m.
Quinacrine hydrochloride is substantially
more toxic to lake trout than to the other

species.

No tests of erythromycin thiocyanate and
quinine hydrochloride were made at concen-
trations above 100 p.p.m. They are not toxic
within 48 hours at this concentration. Satu-
rated solutions of Flagyl, gulfamerazine,
sulfamethazine, and sulfisoxazole are also not
toxic within 48 hours.

REFERENCES

Allison, Leonard N.

1957. Variadon in strength of pyridyl-
mercuric acetate technical and its ef-
fect on rainbow trout. Progressive
Fish-Culturist, vol, 19, no. 3, p. 108-
111,

Allison, Ray.

1957. Some new results in the treatment
of ponds to control some external
parasites of tish. Progressive Fish-
Culturise, vol. 19, no. 2, p. 58-63.

Amlacher, Erwin,
1961. Taschenbuch der Frischkrank-
heiten. VEB Gustav Fischer Verlag,
Jena, Germany. 286 p.




ce

gy

10 Investigations in Fish Control 18 Bureau of Sport Fisheries and Wildlife

Clemens, Howard P., and Kermit E, Sneed.

1958a, The chemical control of some
diseases and parasites of channel cat-
fish. Progressive Fish-Culturist, vol.
20, no. 1, p. 8-15,

1958b. Effect of temperature and physio-
logical condition on tolerance of chan-
nel catfish to pyridylmercuric acetate
(PMA), Progressive Fish-Culturist,
vol, 20, no. 4, p. 147-150.

Cutting, Windsor C.
1962. Handbook of pharmacology. Second
editon, Appleton-Century-Crofts, New

York. 647 p.

Davis, H, S.
1956. Culture and diseases of game
fishes. University of California Press.

332 p.

Fish, Frederic F.

1947. A technique for ‘controlling infec-
tious disease in hatchery fish. Trans-
actions of the American Fisheries So-
ciety, vol. 74 (1944), p. 209-222,

Foster, Fred J,, and Lowell Woodbury.
1936. The use of malachite green as a
fish fungicide and antiseptic., Progres-
sive Fish-Culturist, no. 18, p. 7-9.

Foster, R. F., and P, A, Olson.

1951. An incident of high mortality
among large rainbow trout after treat-
ment with pyridylmercuric acetate.
Progressive Fish-Culturist, vol. 13,
no. 3, p. 129-130,

Hammer, Glen L,
1960, Toxicity of pyridylmercuric ace-
tate to cutthroat trout. Progressive
Fish-Culturist, vol. 22, no. 1, p. 14.

Lennon, Robert E., and Charles R. Walker.
1964, Investigations in fish control.
1. Laboratories and methods for
screening fish-control chemicals, U.S,
Bureau of Sport Fisheries and Wildlife,
Circular 185, 15 p.

Litchfield, J. T., Jr., and F. Wilcoxon.

1949, A simplified method of evaluating
dose-effect experiments. Journal of
Pharmacology and Experimental Ther-
apeutics, vol. 96, no. 2, p. 99-113.

Piper, Robert G.
1961. Toxic effects of erythromycin
thiocyanate on rainbow trout. Progres-
sive Fish-Culturist, vol. 23, no. 3, p.
134-135,

Putz, Robert E.

1964. Recent studies on Ichthyophthirius
disease of fish, Presented at the North-
eastern Fish and Wildlife Conference,
Hardord, Conn,, January 19-22,
Mimeo. 14 p.

Rodgers, E, O., B. H. Hazen, 5, B. Friddle,
and S, F, Snieszko,

1951, The toxicity of pyridylmercuric
acetate technical (PMA) to rainbow
trout (Salmo gairdnerii), Progressive
Fish-Culturist, vol. 13, no. 2, p, 71-73.

Snieszko, S. F., and G, L. Bullock.

1957, Treatment of sulfonamide-resist-
ant furunculosis in trout and determi-
nation of drug sensitivity. U.S, Fish
and Wildlife Service, Fishery Bulletin,
No. 125, vol, 57, p. 555-564.

Snieszko, S. F., and S. B. Friddle.

1948. Disinfection of rainbow trout eggs
with sulfomerthiolate. Progressive
Fish-Culturist, vol. 10, no. 3, p. 143-
149,

Van Duijn, C., Jr.
1956. Diseases of fishes. First edition.
Water Life, Dorset House, London.
174 p.

Warren, James W,
1963. Toxicity tests of erythromycin
thiocyanate in rainbow trout. Progres-
sive Fish-Culturist, vol. 25, no. 2,
p. 88-92,

Wolf, Louis E,

1951. Comments: Letter to the editor of
the Progressive Fish-Culturist. Pro-
gressive Fish-Culturist, vol. 13, no. 1,
p. 42.

B e S




